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Abstract 
Chitosan be a biopolymer, which is an amino polysaccharide resultant from the N-deacetylation of Chitin. It is an ordinary 
polymer because of the occurrence of degradable enzyme Chitosanase. Chitosan is blend with natural polymer CMC with 
glycerol and formaldehyde enhance the thermal stability.  It is evident, that the weight loss (%) of Chitosan cross-linked with 
formaldehyde was greater compared with pure Chitosan.  Degradation temperature of pure Chitosan is 120°C.  Optimum thermal 
stability was obtained at Chitosan cross linked with 0.2% formaldehyde was at 220°C. Chitosan with excessive amount of cross 
linking agent results the formation of hydro gel.  CMC cross linked with formaldehyde enhance the thermal stability compared 
with pure CMC.  Degradation temperature of pure CMC is 240°C.  Optimum thermal stability was obtained at CMC cross linked 
with 0.4% formaldehyde is at 260°C.  Thermo gravimetric analysis was conducted to measure the weight loss of a standard 
solution of CS/CMC (99/1) and glycerol (2%) with different percentages of formaldehyde. Optimum thermal stability was 
obtained at a standard solution of CS/CMC blend (99/1) and glycerol (2%) with 0.4% formaldehyde was at 150°C. 
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1. Introduction 
Chitosan is a natural base polymer, obtains by alkaline deacetylation of Chitin, which is a structural building 
block in the exoskeleton of crustaceous (crabs, shrimbs etc.). Chitosan is the second most copious organic compound 
in the nature subsequent to cellulose.  Chitosan be a weak base and is impossible to dissolve in the water.  This is 
most probable due to the presence of physically powerful intermolecular hydrogen bonds, which are formed between 
the molecular manacles of Chitosan.  But soluble in dilute aqueous acidic solutions below pH 7, in which it can 
renovate glucosamine units (-NH2) in to the soluble protonated structure (NH+3).  The solubility of Chitosan depends 
on its natural starting point, molecular weight and amount of deacetylation. In view of the fact that Chitosan is 
soluble in dilute acids. Above pH 7 Chitosan is precipitated. Lower the amount of deacetylation, greater the 
molecular mass, which provides higher chemical stability and perfunctory strength. Chitosan is a rigid polymer 
owing to the occurrence of hydrogen bond in its molecular configuration. Chitosan occupies a special position 
outstanding to its profusion, superficial modification, and inimitable properties including biodegradability, 
biocompatibility, non-hazardous antimicrobial, hydrophilicity, mucoadhesion, in addition to anticholesterolemic.  
This has made Chitosan a very constructive compound in a broad range of application in medicine relief, 
agricultural, foodstuff stabilizer, biocatalyst restriction, and ecological field. Chitosan have no anionic nature owing 
to the presence of amino and hydroxyl groups.  Chitosan properties are enhanced by a choice of chemical and 
physical means together with cross-linking, complexation, grafting, and amalgamation.  The chemical amendment of 
polysaccharide is the most significant route to transform the properties of the logically occurring biopolymers and to 
use this renewable source in the content of sustainable improvement. Outstanding to this modification, the basic 
skeleton of Chitosan does not vary but brings barely the improved properties. 
Carboxymethylcellulose (CMC) is the most glowing identified and most important category of polysaccharide. 
Carboxymethylcellulose (CMC) is the former water soluble ionic derivative of cellulose equipped in 1918.  CMC is 
a rubbery derivative with the subsequent molecular formula [C6H7 (OH)2OCH2COONa]n .   It is extensively used in 
pharmaceuticals, detergents, cosmetics, food, paper and fabric industries suitable to its viscosity rising and 
emulsifying properties.  CMC is formed from cellulose where the raw bits and pieces are wood or cotton linters.  
CMC is manufactured in a spacious range of viscosities.  High viscosity type is prepared from eminent viscosity 
cotton linters. Medium-viscosity types are prepared from wood pulp of specified viscosity, and it is therefore based 
on a sustainable raw material.  It is glowing identified that cellulose is not water-soluble although CMC is made 
water soluble due to the chemical effect sandwiched between cellulose and monochloroacetic acid in the presence of 
NaOH.  CMC is a linear arrangement polymer occurring as a fragrance-free, harmless, water soluble colorless 
powder and a high transparent gel. Soluble in mild alkaline solution with excellent dispersion and binding forces. 
The addition of cross linkers and plasticizers to carbohydrates films has been commonly considered as a means of 
improving textural properties.  Glycerol can be used at moderately low concentration to attain significant plasticizing 
properties.  Plasticizers reduce the intermolecular Vander Waals force among polymers, which create the plastics 
stretchy and decrease its rigidity. The thermal stability of film was enhanced by formaldehyde as cross-linking agent.  
Mixing too much polymers to produce blends.  Polymer blend be mixtures of homopolymers or co-polymers of 
dissimilar molecular structure. The disadvantages from a deprived property of a polymer may be efficiently 
overcome by blending it with another, which has an advanced property value. 
1.1. Objective of the study 
x preparation of Chitosan with formaldehyde 
x  preparation of CMC with formaldehyde 
x preparation of Chitosan/CMC blends with formaldehyde and glycerol 
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2. Materials 
Commercially offered high purity chemicals were procured and used without further purification. Chitosan was 
purchased from sigma Aldrich (Degree of deacetylation 87.30%), CMC, acetic acid, formaldehyde, glycerol was 
purchased from spectrum reagents. 
3. Methods 
3.1 Preparation of Chitosan cross-linked with Formaldehyde 
Chitosan (2gm) is dissolved in 1% glacial acetic acid with continuous stirring at room temperature and kept it at 
ultrasonicator for 45 minutes make sure that the mixture is well mixed, then set it and wait until the bubbles 
disappear. A different percentage of formaldehyde is added (0.2%, 0.4%, 0.6%, and 0.8%). Pour the mixture into a 
molding glass plate and place it into a vacuum-oven to steam off the excess solution and moisture.  
3.2 Preparation of CMC cross-linked with Formaldehyde 
CMC (1g) slowly dissolved in 100 ml (1% w/v) of distilled water at the moment continues perfunctory stirring. 
CMC is water-absorbent and has very high water preservation, and for that reason clump easily. To prevent this, add 
CMC slowly in small portions, allow dissolve perfectly flanked by each addition.  The clear film solution was 
achieved after about 45 min. CMC particles have a affinity to agglomerate, or bump, when initial added to water. To 
obtain good solutions effortlessly, the dissolving procedure should be well thought-out a two-step operation. 
x Disperse the dry powder in water. Individual particles should be wet and the dispersion should not 
surround lump. 
x Dissolving the wet particles. By means of mechanical stirrer, good eminence dispersion is obtained, and 
CMC goes into solution speedily. Different percentages of formaldehyde be added (0.2%, 0.4%, 0.6%, 
0.8%) 
3.3 Preparation of Chitosan/CMC blends with glycerol with formaldehyde 
A standard solution of Chitosan/CMC blends (99/1) and glycerol (2%) were prepared.  Chitosan solution was 
prepared by dissolving 2g Chitosan in 98ml 1% glacial acetic acid and 1g of CMC was dissolved in 100ml of 
distilled water with continuous mechanical stirring.  To this solution different percentages of formaldehyde be added 
(0.2%, 0.4%, 0.6%, and 0.8%). 
4. Result and discussion  
Thermogravimetric analysis was conducted to measure the thermal weight looses of the Chitosan/CMC blends 
with additives at a heating rate 10oC min-1in nitrogen atmosphere.  Thermo gravimetric analysis was conducted to 
measure the thermal weight loss of CMC cross linked with different percentages of formaldehyde and Chitosan cross 
linked with different percentages of formaldehyde at a heating rate 10oc min-1in nitrogen atmosphere. The weight 
losses at different stages were analyzed. 
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Pure Chitosan and CMC 
 
Fig 4.1. TGA curve for pure CMC and Chitosan 
Pure Chitosan degradation temperature is 120oC and degradation temperature of pure CMC is 240oC. 
Chitosan cross-linked with Formaldehyde 
 
Fig 4.2. TGA curve for Chitosan cross-linked with formaldehyde 
It is evident, that the weight loss (%) of Chitosan cross-linked formaldehyde was greater compared to that of pure 
Chitosan. Degradation temperature of Chitosan with 0.2% Formaldehyde is 220oC. 
CMC cross-linked with Formaldehyde 
 
Fig 4.3. TGA curve for CMC cross-linked with formaldehyde 
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Degradation temperature of CMC cross-linked with 0.4% formaldehyde was at 260oC, which enhance the thermal 
stability compared with pure CMC.  CMC with 0.2% formaldehyde show least thermal stability compared with pure 
CMC.  Its degradation temperature is 180oC and CMC with 0.8% was 180oC.From the graph we are able to conclude 
that the optimum thermal stability was obtained at 0.4% formaldehyde.  
Chitosan, Glycerol & CMC cross-linked with formaldehyde 
 
Figure 4.4. TGA curve for Chitosan, Glycerol, CMC cross linked with Formaldehyde 
Standard solution of Chitosan/CMC blends (99/1) and glycerol (2%) with 0.4% formaldehyde enhance the 
thermal stability was at 150oC. 
5. Conclusion  
Thermo gravimetric analysis was conducted to determine the weight looses of the Chitosan/CMC blend with 
additives at a heating rate 10oC min-1in nitrogen atmosphere. The weight losses at different stages are analyses.  
Thermo gravimetric analysis was conducted to measure the weight loss of the Chitosan cross-linked with 
formaldehyde and CMC cross-linked with formaldehyde at a heating rate 10oC min-1in nitrogen atmosphere. The 
weight loss at different stages was analyses.  It is evident, that the weight loss (%) of Chitosan cross-linked with 
formaldehyde was greater compared with pure Chitosan. Degradation temperature of pure Chitosan is 120oC.  
Optimum thermal stability was obtained at Chitosan cross linked with 0.2% formaldehyde was at 220oC.  Chitosan 
with extreme amount of cross linking agent consequences the formation of hydro gel.  CMC cross linked with 
formaldehyde enhance the thermal stability compared to pure CMC.  Degradation temperature of pure CMC is 
240oC.Optimum thermal stability was obtained at CMC cross linked with 0.4% formaldehyde be at 260oC.  Thermo 
gravimetric analysis was conducted to calculate the weight loss of a standard solution of Chitosan/CMC (99/1) and 
glycerol (2%) with different percentage of formaldehyde. Optimum thermal stability was obtained at a standard 
solution of Chitosan/CMC (99/1) and glycerol (2%) with 0.4% formaldehyde be at 150oC. 
In view of the fact that non biodegradable plastic waste is recognized as an ecological hazard, such natural 
polymer-based plastics keen on actual fact are the necessity of the time. Therefore, getting better the thermal stability 
of the carbohydrate would make them improved apt designed for, for example, cast item. 
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